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15 <^-$p^, jaJtRMWHi. ■ 

20 6. — ##- a e B^ GaN 6^^ B %A-^^^, 



9. *M£*U']-£-& K 3, 4, 5, 6, 7 8 t — ft tfr #- & 
GaN A -£3T>£, ^A^^Cft7^. 

10. jfM&frifO-ifc-jfc 3,6,7 t^— ^"^ft^^-aW GaN tf&oljA-fc 

{1-100}^. 

11. fa$k*SL#}£r$L 3 . 6i& 7 tte-^MW^WGaN 

12. — GaN aMr&. ^ElA-fc^A-^^ 

13. #*M']rg-#- 12 -teft 'fc GaN J.*L^*Ji&^r*, ^ 

14. jfM&*Uf'J-£-J& 12i&fttfj#-<&^GaN^&ttf#]i£2T>£, #*£^., ^ 

1 5 . *Mfc;M'] * 1 2 -fa ft &} #- & GaN J£.j& # #] ifear * , <& 

16. *M&jM']-£-£. 12ttft##- 8 WGaN.g4fc^i£:2r*. ^ 
fctfjlb^fe. 40 % >5lJi. 

A ^ ^ a? h a -8p ^ -f - v& #r «J ^ 'J tfj & » *k -t ® *^ 5 'J ^ ® ^ 

tb^vfc 80 % >a_L, :*HBii£&6$. 

MsAHfc + ajfc-fcJ&rt***. *jL**tf#Atf A**A**>*tt#- 

19. fM****']**- 12 - 18 tte— ^tt#tf^&4£GaN.|Mltf#J'£:5" 
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20. *M&*X*'J-£-#. 17 t^^6t#-0%^GaN^6t^Jit^->i-, 

15 vXT. 

23. 4M&4x*J:g->£ 12 GaN # it^r & , GaN 
^^0^-^:^:^.^^:^, SiC, Si, &&;6, NdGa0 3 , ZnO, MgO, 
Si0 2 , GaAs , GaP, GaN, A1N ##-,ft#4^JtJMT/£-fc. 

24. ^fL4t*L#'J#-^. 12 GaN 4M*L #*£A, 
20 Gm#iKfa&&&.&-'&.iLX. SiC, Si,£. a °q;6, NdGa0 3 , ZnO, MgO, 

Si0 2 , GaAs, GaP, GaN, A1N + ^— it^-Mi-tiM^, 

25. *M&*X*'J-g-#- 12 GaN ;g^£ 6* 

25 $Lgr#j, SiC, Si, NdGa0 3 , ZnO , MgO, Si0 2 , 

GaAs, GaP, GaN, A1N t^— ^tf ^&#-.gjfeLJii&*r 

26. #L^£U<J^-#- 12 iMW#-0 a s#- GaN ^.*SL6^*Jife>5r*, 

SiC, Si,£. B 1,^, NdGa0 3 , ZnO, MgO, SiO z , GaAs, 
30 GaP, GaN, A1N + ^ ^ <ft #- & , i&fftt, £./$/M'J#fc>h 
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27. *M&;M«)-&£ 12 aljte GaN J^ltf #]i£2T&, 
GaN^^aA-Jfe^^.^^. SiC. SL&oli^ NdGa0 3 , ZnO, MgCK 
Si0 2 , GaAs, GaP , GaN, A1N ^^-^^S^J^Nt^. 

28. 4M£fcU']^-#- 27 t^^^^-^^GaN^^^^J^^r, 

GaN 6^Ms^^^^^^^*^^^n^^^# H a ^il^B%^^6^m 

#^tf>, jg.^I>S.' SiC, Si. &i&;6, NdGa0 3 . ZnO . MgO > Si0 2 . 
GaAs . GaP, GaN > A1N ^^-^-S^-hi^T, /&-£^> ^rfcM«, 

29. — #t#.^^GaN^jte.^*j34:^r*, ^ GaAs(l 1 l)5r-h^& 
forfait, &&}jL£r%&'kft1&&iftX.%>fr¥)$L&&, A 

30. —*}• GaN #£Uf'J,g-£- 24 , 26 , 
27 . 28 t#5'J6t#-B%^ GaN ^Mt^&^ft. #^^_L, i2Mt n^S & -fc 

^.JL^" & ,J* ^ ^ 5^ ^ 'h v& Tifc-ff & 

31. 2 , 5 , 6&7 mtM^-Sifc GaN 6d&& 

% \0\im ~ 2000nm„ 

32. — *f#- B W GaN £41, ^/MfctfAH^*^-^*- 

33. #JM3U'JJM^32te^#&^GaN^|&, £.MB&-fct 



/ 

/ 

/ 



6^ ft «•] M ft fc, fa *fr f^kiZ -f ft *»] #J 6^ & ft 3* frvj *b#-,£. 40 % « 

*P^# -f - ft WW ^S^t-f /A^^ft*M]3>] tfj & ft 3*6$ tb^-^. 80 % 

36. ^«^'J^-^.32^^6^#- H Q g^GaNLfe, £.*L*0&-fct 

6* 4lftt, &^^ft:ff>Aitt«^;MtX^S &>Mll 
10 ^ c ft-&p^„ 

37. }M&£U']^M^32. 33, 34 , 35, 36 3BMW.#-&4£ GaN 

ft. 

38. JM&jfeU'J^jfc 35 iM^^&^GaN JUl, ^9^^^ 

^B^-T- -£-&3H*t#*t4M£ 80 % ^_h, rffc JL dl4M^ ft -g^'fe&'h ft 6$ & 

ft&vf'hft^jA. 

39. ^^^>J^-^-32^X^j#- H a g^GaN&fe, 

-JMtft*;S_- 5 p-ft4*.i&, ^A^^JL^<hft£M*|, 4£#'.hft£ir#J, 

20 >&'hft#>HjT&-fc, FH&«H&, jtetf^F-^A-fcft, ^/L-^#jLttf 

40. ^^^'J^-^-32^^6t#-^^GaN^^L, *Ua&-fc6*/2l 

}&'.hft #j T i&*r/£ -fc , feMJ^tte, J*, ift # 1 oW 2 # T . 

25 41. #.#*Ljf'J*jjC32 - 40 t^— 3rtZ.$.*$#-sVfr GaN &#L, 

^^;^2fc>hft^^i^^^^ft^ ^ JL^, # 10nm $'J 

2000fim . 

42. ^^^'J^^-32i6^6t#-9 a B ^GaN^^L, GaNtf>*U0 

SiC, Si,£. 0 1,;S, NdGaOj, ZnO , MgO , SiG 2 , 
30 GaAs, GaP, GaN, A1N #t-£ a ^ 

43. #^3U']^#- 42 ft GaN &$L, GaN 4<l^ 



SiC, Su£.$;S* NdGa0 3 , ZnO , MgO , Si0 2 > GaAs , GaP , 
GaN v A1N t&—** j $'&fa&fo-t> &lT&^fe, 



4- A ^ 

(LD)*tt£jt*.Z + Jim GaN -M^&fc, ***** A****-*]!** 

3-5 ;&tUU^&-f -H£(GaN , GaInN)(tf;£;5t3tjE, LED ^ 

^#_h&£: GaN Ji^j GaN J$/gL GalnN #J&, 
®%#i£&<VLA, tfXj GalnN * J£ & LED **.&#L, j££;S£.;feL. 

ffl#te***ryfrl&, Sit GaNT>MP^, T mfe&t. #74fc-?-2M* 

#7 -£4*Ltfi&#F]*&, ^/wfesfateJ?] SiC t±7 SiC 

SiC J^-f^-fet, ■5T#T#J*.*LiSt4.SiC^*L6f f ^fl&Ji. 
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j££;SiMO, &&*&fL. Qfrfr SiC .&fcLJi« GaN 

djf-f^miSi, .Ms SiC GalnN &J£& LED /L 

5 Sfc^ 9 a q'^l°1^^— i^rii-. ^j&^l-^ SiC JM&Ju&.-fc GaN £&at] £| 

^VX^ % 1ft GaN $ LED iMLtf &#->h3l,£(GaN, 
GalnN 3f-)_t#>£. I0 9 cm" 2 ^ %Jttf4%&. 
10 SiC^L^+fryC, *WP3M&o ^^^*h^-t-#£- 10 8 cnf 2 6$4N&. 

) £ Si . GaAs ■f-#.^.^ii#i%^^#^. m?L&.$\ A 4-% . 

% T #J #£.JL, ^ !>' & Si %>4$M4aL& & GaAs . 

*-5T GaN ■Pp^#£i&#frfl&&£.6$#'t£, ^ LED 

jSj^^te^F^GaN & LED 6*£&MLJfl. 

15 iSL®%4&&*n3&4t£tt>- GalnN LED LED 

gJjrtvft^LED, & 4SJfl#LDflt, W 

&#£ft*£. -^LED^tk, #*iJ^L^A*JLt.Sfc^ LD , 

M,^&]&fa2k#}i> i J-;&*i, ^^kraafc— GaInN 

3 1 0 9 cm' 2 il# £ tfj^Hi, FM 1 ) 7 GalnN $ tfj LD #4*. 

&^4|jfeLjS_GaN#-&#s frgJULX&m GaN 

GaN^-^^ilJL^t^. *.tfc*H*. GaN J£&^i£>&«t£ 

Ppte#@fl^* GaN ^^A«-»>fe, GaN 

30 feAk*., 4fe,*t^Ufe^^*#***.^^ ^^^^ *• ^ 
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%-&&&1&L7fcitllF. £&$>&£.5.t. Eplt^&GaN 

9-298300 -f , 10-9008 fWTt^J 

GaN ^U9 A-fc , GaAs GaN tfj & & . £>] # 

10 1 >h GaN ,1416^ £l£(D#/£-¥- 10-102546 t4££ — ##]4t £ 4" GaN 

A ^ik t <ft GaN & -f GaN yft&jftxS), 5£# GaN ^ -J-£4SL, 

T fc/ ft 4i. # n ^ GaN #T ^ fiMt-g-IUft 'ft LED , 

15 #nt #LiJb£. n «1 GaN &4Sl¥i MM . 0 # W\ — -?- ® JiifclL 2 -f- 

*fe,#L, ff\VX^'Am-^ ft**'**. — *-f-^i*t"=TJftf<fc. it^t GaN4MSL4t# LED 

FH£ GaN i& & ^ 
25 >&i±^tfj 2T>£t, ^Ufl^4^>ti&^#ft'/£-fc, flt-ft. GaN & 

& 6$ ^ £.(EPD)i£Ji] 1 * 1 0 7 cm' 2 VAT. gm^TVAltm i&*t GaN H a q 
4t$*M£,&, 43J&Wl#f-&%r^#l GaN .ItitHt. 55;&*#. GaN £41 # EPD 
^1 x 10W 2 ^T. ^^^-I:bJiL^/ri*5'J^7jc^, it— #PH&EPD. ff*n 

30 &%J*J\#)% 1 ^^^^L-^.^ 1 * 10 6 cm" 2 VAT$h\*M\5- GaN 



©^-f-ltmit-ft^^-^rX^ volJ81-C-ll.No.l.P58-64(1998 -*f- 1 ft) 

#>©>g##K " GaN i4#^^^^^^^^^>^" 

68 7 P774-779(1999). 14 ~ S 17 t^^Ttit. 

© 14 SL-fc&&Z-X&&-£-& GaN ^[11-20]^-^^ GaN T$L$.ft$r1&& 
10 15 , ^B^-jfe^Bt, lTibifc#*U&;*'fti&&#&-fc, 

1fibA-ifefe*-f 39(11-22). #(-1-122). #r^£*3L^&^LjMitfj GaN#-*iL. 
£^L^i#*£te$)J!0'] GaN /fit. #&&4U5*#4itf ft. &ft-hA 

^-^^L^:^, ^© 16 , GaN ^g^^L^-^^.^ft-h^f 
15 (8144'* A. aL*JS.5e.^flL*.*«.. *.&#*:'h«(ll-22). (-1-122). i£*i& 

(0001)t. i3t#^=-#&-fc. ^/Mfc##.&-fc. ■*TMik%&Hi&&& 
20 4E®#^#^#)#^>fc*# GaN#- B fl q, #r 

^t9L6W, £tft*£^, 4tJftJiA-lfe^-*P^t. It 

25 ^. &C&^frX&%tt%k&&%&&&, *TA. £JM-H, ^ft(^C 
140nm iStJiBt. ^«t«5t7. it-.M^***® t^ 3 *"***- ©*t^ 
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SO 10' 7 cm' 2 ^&SL. 

;ML H ^£i&4Tii*t GaN tft^ft^-KBt, SL&^£7&*tt#*»tfr 
^L. £>ttJ&6*Tki£t. te£i£##&4Mh&>&/^+JLf'J 6^(0001)©, *p, 

4Lt5;&4* ft jfc-fcJ&IS 1 * 0.2mm £4fcJiJ 0.6mm Bt, 

#6^ GaN E ^ 8 UWtiS^#ft, te#te&>£05>&#TflM«J 1 
10 x 10 7 cm" 2 . ®jlfc.-sr*5*-SL, 

15 Hi, <ksfc:*flti#l$v 

#L, 5I^#M?4f°^. # GaAs 4t J4l*t, '^^ 

20 i&— ##/&-£>&,^H&. ^*- B ^**t^ GaAs^fe, ® %lt%^&7TiG)t; It 



25 



30 




^'J^J'J^^^^iBt, >K 2:&ltfj 10W 2 

y*-T&)4&4&43L. Jti^-^6t^L-^^']#i 10 4 cm" 2 - 5 * lOW 2 i£#£J&£Hit 

GaN -sT^ifc^T. 

(3) gr#$k.^>h&$LA 

2f-*fe*fcflt£St 10 6 cm" 2 T #H&4£4£ GaN & &. 

gj^7 GaN Arc ^r 9 °Ej^ (hexagonal), #f toft &® 4 

#*fi*;MM**.. a b**, *£.*i*-(a - b), 120 A, J*i£4M* 

C#;&>M*3M*4*. J* a*b*3Kc * a). fc>* a b ab «r 

^-f- 4r«*W> 4Ufc.&#:# 1 a 4*. b#, c 

«aA, b/U d/m. c/n . i&#t & 
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m^^iiL^, k + 1 + m = 0 ift&it#LS!>J(f- A - yU). c 

^fcSLTr&^-^ljltem. n^tf)-^ If n ^ C 4A#j#-te-fcy!Bt, 

>}*&&c rSi(oooi)yx*\~&)&, #r>a^ k, K m tM-^^o^, >»i# 

15 

^#£>M'];^iliiJLift'h^. ifcJjiL^4 i i^^i^-'J^^.{l-2l2}, {1-211}, 

{n-2nnk}{n, k ;$#$:}, {1-101}, {1-102}. {n . -nok}{n, k$j&it)^. 
4&Jii£#|5#, {-}4.*^t&^4L'^.' ^'J^» {1-212} £ *g;&>H6'] i&Bfr, 
20 &&-6>^a&, (1-212), (2-1-12), (11-22), (-12-12), (-2112), (-1-122). 1*6 

#tfe 6 >M§i4M*r&. -iK/Gbte^, ^^#4usU&{2-i-i2}, {11-22}^, il^l.^ 



-ft. £&>&JIJLtf #&£Mt. Ji^^^riSjA-^^rA,. 

i6j m & £. -fc ft * %. 1 & ft * a ^ w . 

10 GaN fc^fcf&X &jL#)^&± GaN(C 4k2f ft 

-L)i&*T&-£. &f-J&#-U&«-£, GaN ^£..2- 

i£— ^-A-^Bt. 4tt|4p^L^ GaN i£^£*&^tt+..MB>ll^. i£— 

(1) 180° ^Ttft'Ifi^ 

fa. *t^+fr<JL. ^JES^O— >M*fc Fa . Fb . ^*M£tf>#l-ifc4. 

*j-ft. ^iij/k-^iSj^C 4&2Tft. 

^riL, £*ftJi6*J&-fczr6) A, BAif'J^SFa, Fb _h tfl* ft ^ 
25 ilq^tfj^ft, T^iA^^ii^^r^-^^^^^^l 5 ]^. ®2.t^ 

i&^T^ft am*ft*N»]^-&tfJ. fc^^C^T^, ^k^^i^W. 
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5 i& ® 4 ^ifc 7 ii*ttfr&. m&^frJL'bft Fa * Fb. -f-Jij 
J&ifc ft. T^iA^7^i^f^-i^-^^-^^i^^I^, S 5 ^itlT'J^ 

Amu* 1 ] c ® 6t%^fhmiLi&c ^^&&x^£itfifan. O 

SfiL'hi&fi* GaN^-^Bt, Strife 1 ~ 3 rf&^&'fcS 4 - Q 

@ 7 + ^&#{l-212}tf#^]*j&^EGHIJN-D. @ 8^l^3^ C A 

#t$®. -f-^A-fcysrftjlC #b3Tft. ^r^i^^^JtrtA-lfe^-t&j A-B 

25 J^ffi/fcjLj&'arft, i&L-^&^T, JM^&^#ft^#i3L^#^ft- 

£^*MLi&J^/£*^ft:£.C4*3rft. >&#'htf tftflA-fcarft A* B 

t^te^^t^*. >£- Fa Ji6§^M#^^ a ^ A -f-*r . £ Fb Xtftikfc 

/L^|SjHfi&£l-?MSt m. 



© 11 &9!&AtiJMfft. ^M^s# cftA-MP^, 5jMp£*w# 

-^*16$ EPDJfc# 0,. dj-f £*f# EPD^/3Ut<fcJ^jfc,, 

EPD = Qs/(s + w). flHMfc*.** s/$ + w)*£ifc, il^^F^-tLX^^: 1/2 

it^^tWW 7 1/10000 tfj'&'ytt 
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^ B °«t$L=.^^:^(x, y, z), ^t5LA'J^#^SitW(x, y, z). 

W(x, y, z)=0,*(x, y, z), 4&fif/&-fc 

W(x » y, z)= 1 (x , y, z), 'hftA-fc 
~#>»&#'fck>Mfc W(x, y), £M>^Sr.*(x, y)&TWL&8i&zfatett— 
*k<h&A&V/(x. y s z)=l,#.k(x, yj^W^l, zzriSjtt'f-r— *t 

# W(x , y) = max 2 { W(x , y , z)} &5L% ft il$fc^_iJL£. 
#j zjrfoteft— *t'hajaMrA-fc. ^^^4iS Ji W(x , y)= 1 tfjiZ, 
■£^4i.i6iA%'b&tf)JfijL. AM, £.£-^4li&-fc, *P4itW(x, y) = 

1 , -tkSfc^Lifc, ^Mb**-? - z xy t& Ji<&& W(x , y , z) = 1 . ^^-^ 

St^'K^^ xy -^i&)-L, ^/&W(x, y, z)= \ ^^>h^«r 
Juifrjfc W(x , y)= 1 . 

^^.Ji-gjs^, sp^t/ t i.c4*A-Jfe, &^>&^Wi#t-?-, flr^tW^^tte. 
4*A-£(4**j&#), *f->it;fr4IM&*H-, >*«at#«M£#aL ii#H*«rtf* 



-J»i6^^AAA <180° 



rjN$(Fb 




1 







i 




SI 4 




* * • 




S 7 





m 9 



5 




ffl 10 




S 11 



6 



z 



A 



t 




S 12 



J 




*#At#4iafA C<B<A 



13 



3 




© 14 



7 




8 



4 



i 




9 




^28 

/ 

ffi 19 



10 



* 22 




21 



) 



GaN 




-29 




) 




-31 





© 20 



li 



I 



(a) 



( b ) 




*21 



-34 




( c ) 



XaK 35 



$-tf']/4aX 



1 



( d ) 




xGaH 36 



-36 



C e 



Z 



-GaN 



30 



-38 



-39 



-40 



21 



12 



